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Abstract
Lactobacilli strains are considered as a preventive means for treatment of vaginal infections or post-antibiotic treatment to
repopulate the vaginal mucosa. This study aimed at establishing the vaginal lactobacillus profile of Algerian women with
different vaginal diseases. Afterwards, lactobacilli isolated from swabs were in vitro characterized for their probiotic hallmarks.
This prospective study allowed isolation of 44 Lactobacillus strains and 160 potentially pathogens, among which are Escherichia
coli (50 isolates), Staphylococcus sp. (38 isolates), Enterococcus sp. (16 isolates), and Candida sp. (56 isolates). All Lactobacilli
strains were characterized for their antagonism, adhesion to polystyrene, and resistance to acidity and bile. Consequently, six
Lactobacillus strains (Lb. fermentum 5LB4, 5LB10, 5LB12, Lb. plantarum 5LB2, 5LB11, and Lactobacillus sp. 4LB9) were
moderately or weakly adherent, and 35 potentially pathogens exhibited weak to strong adhesion to polystyrene. Antagonismwas
recorded for 36 Lactobacillus strains towards E. coli 6E2, S. aureus 7S3, Enterococcus sp. 5EN8, and Candida albicansC1 used
as indicator organisms. Finally, Lb. fermentum 9LB6, 4LB16, and 10LB1 and Lb. plantarum 9LB4 were remarkable for their
inhibitory activity, absence of hemolytic potential, and for their resistance to acidity (pH 1.5) and bile (0.5%) harsh conditions.
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Introduction

Studies aiming at underpinning the impact of human vag-
inal microbiota (VMB) on the health of women and their
descendants are current ly of major importance.
Lactobacilli are the dominant microorganisms in a healthy
human vagina, where they anticipated playing essential
roles in protecting women from genital infections. Any
alteration in the lactobacillus content can result in an im-
balance of the human VMB, leading therefore to a

quantitative and a qualitative shift from normally occur-
ring lactobacilli to a mixed microbial content dominated
by anaerobic bacteria, among which are Gardnerella
vaginalis, Bacteroides, Prevotella, and Mobiluncus spe-
cies [1]. Lactobacillus species encountered in the VMB
of healthy women comprise mainly Lactobacillus
crispatus, Lb. jensenii, and Lb. iners [2, 3]. Lactobacilli
are tolerated by vaginal epithelial cells and inhibit induc-
tion of pro-inflammatory cytokines [4]. The Caucasian,
Afr ican, and Hispanic women display different
Lactobacillus species content. Related to that, Lb.
crispatus appeared to be predominant for Caucasian wom-
en, and Lb. iners for African and Hispanic women [5, 6].
Lb. crispatus strains produce copious amounts of lactic
acid with immunomodulatory, virucidal, and bactericidal
activities [7], while the role of Lb. iners remains to be
determined [8]. The discrepancies in Lactobacillus spe-
cies distribution are attributed to cultural, behavioral,
and genetic factors [3]. Further factors including lifestyle
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conditions as dress habits and hygienic practices were noted
[9]. The relative abundance of Lactobacillus species in the
human VMB is expected to be > 70%, conversely to other
mammals where lactobacilli are rarely > 1% [10]. Significant
decrease of Lactobacillus amount in VMB could lead to bac-
terial vaginosis (BV), which is defined also as anaerobic
polybacterial dysbiosis. The BV is a hallmark for bacterial
and viral infections. The beneficial associated lactobacilli are
the key elements for vaginal eubiosis. Lactobacilli produce
hydrogen peroxide and mainly lactic acid by using amylase
breakdown products of glycogen [11]. The relevance of each
of these substances in the vaginal eubiosis has recently been
reviewed by Tachedjian et al. [11]. Lactic acid induces autoph-
agy in epithelial cells to degrade intracellular microorganisms
and promote homeostasis [4]. Lactobacilli are naturally pres-
ent in the human VMB or administered as probiotics.
Probiotics are live microorganisms which when administered
in adequate amounts confer a health benefit on the host [12].
The safe use of lactobacilli as probiotic agents in the human
genitourinary tract dates back to 1915 [13]. Streptococci,
Staphylococci, and Enterobacteriaceae are prevalent in wom-
en with BV [14]; other (facultative) anaerobic bacteria includ-
ing Gardnerella vaginalis, Atopobium vaginae, Prevotella
spp., and Sneathia spp. are also reported [14, 15]. The burden
of BV is remarkable for Sub-Saharan African women, and
also their descent living around the world [14]. Currently,
available antimicrobial treatments of the vaginal infections
can lead to diarrhea, super infections, depression, and even
renal failure. Additionally, antimicrobial resistance tends to
decrease the effectiveness of this therapy over time, as recent-
ly reported [16]. Antibiotics used for BV treatment include
clindamycin, metronidazole, and secnidazole [17, 18], but
these drugs may negatively impact the vaginal microbiome
stability [18], which argues on the need of novel soft thera-
peutic options. Probiotics may offer favorable microbial bal-
ance for the vagina, and as the normal vaginal flora ascends
from the rectal mucosa, a convenient form of administration of
probiotics could be the oral gastrointestinal route [19].
Presently, the only strains exhibiting clinical effects are Lb.
rhamnosus GR-1 and Lb. reuteri. Indeed, when these
probiotics are intravaginally administered once weekly or
orally administered twice daily, they could reduce recurrences
of UTI and restore a normal lactobacillus-dominated vaginal
microbiota in patients [16]. As prospect, it is of major impor-
tance to explore novel humanVMB sources in order to isolate,
characterize, and valorize further Lactobacilli strains as
probiotics, mainly in the countries where access to antibiotic
treatment is limited. The source targeted in this study is the
Algerian human VMB, as no studies have been performed on
this context. This prospective study was carried out on a lim-
ited sample of women and, based on the data obtained, will be
completed in the future with a more statistically significant
samples recovered from women with different symptoms.

This study aimed to study VMB from Algerian women and
to investigate the potential beneficial effects of the vaginal
ecosystem microbiota in order to select probiotic candidates
for human administration.

Materials and Methods

Study Population

The samples were collected by a gynecologist from 10 women
(W1-W10) consulting, between January and March 2016, the
gynecology service of a private health care unit in Bejaia city
(Algeria). Patient history records provided to these patients in-
cluded questions related to age, reason for consultation, gesta-
tional state, infection status, and antecedent of antibiotic therapy.
Samples were collected by setting up a sterile speculum without
antiseptic cleaning of the exocervix, and a swabwas inserted into
the endocervix by performing a rotational movement. Then, the
swab was introduced into sterile tryptone–salt (TS) solution
(Sigma-Aldrich, Steinheim, Germany) prior further analyses.

Lactobacillus and Pathogenic Strains Isolation
from Vaginal Swabs

One milliliter of the collected swab was introduced into 5 ml
of de Man-Rogosa-Sharpe (MRS) broth (Conda, Spain)
(pH 5.4) and incubated for 24 h at 37 °C, allowing enrichment.
After this period, MRS plates were inoculated with appropri-
ate inoculum size of the enriched bacterial suspension and
incubated at 37 °C for 24–72 h. These swab samples served
as well for isolation of pathogenic bacteria. To this end, 1 ml
of swab sample was inoculated into 5 ml of the appropriate
broth for enrichment (Table 1) and inoculated on the selective
agar media listed in Table 1. After a period of incubation at the
appropriate temperature, the bacterial isolates were identified
using basic taxonomical methods.

Lactobacillus Species Identification by MALDI-TOF
Spectrometry

Bacterial isolates grown on MRS medium and anticipated to
correspond to Lactobacillus strains were identified byMatrix-
Assisted Laser Desorption and Ionisation, Time Of Flight
(MALDI-TOF) spectrometry. To this end, pure colonies iso-
lated onMRS agar upon 48 h of incubation were deposited on
a ground steel MALDI target. The spots (three spots for each
strain) were overlaid with 1 μl of 70% (v/v) formic acid solu-
tion (Sigma-Aldrich, Germany), dried at room temperature,
and overlaid again with 1 μl of matrix solution (α-cyano-4-
hydroxycinnamic acid [HCCA]; Bruker Daltonics) dissolved
in 50% (v/v) acetonitrile (Sigma-Aldrich,), 47.5% (v/v) water,
and 2.5% (v/v) trifluoroacetic acid (Sigma-Aldrich). The
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ground steel MALDI target was analyzed by the MALDI-
TOF MS spectrometer Autoflex speed TM (Bruker
Daltonics, Bremen, Germany) in a linear positive mode.
Mass spectra were analyzed in m/z range of 2000 to 20,000
and bacterial test standard “BTS” (Bruker Daltonics) was used
for instrument calibration according to the supplier’s recom-
mendations. The determination of m/z ratios of detected ions
in each MALDI-MS profile was performed under Flex analy-
sis 3.4 for comparison with database. The following
manufacturer-recommended identification scores were used:
2.00–3.00, high-confidence identification; 1.70–1.99, low-
confidence identification; 0.00–1.69, no organism identifica-
tion possible.

Biochemical Identification of the Pathogenic Strains

The pathogens were identified biochemically by using some
key tests [20]. Escherichia coli strains were identified based
on their biochemical traits on triple-sugar iron (TSI; Conda,
Spain) agar (lactose +, gas + and H2S −), Shubert (Conda,
Spain) medium (gas + and indole +), and Simmons’s citrate
(Himedia, India) agar (citrate −). Identity of Staphylococcus
aureus was confirmed using coagulase and DNase tests (co-
agulase+ and DNase+), and Enterococcus spp. were identified
based on their NaCl (6.5% [w/v]) and pH (pH 9.6) tolerance
and thermal treatment resistance (63 °C/30 min). Whereas,
Candida species, firstly identified microscopically, were fur-
ther identified by MALDI-TOF spectrometry as described
above for lactobacilli.

Aggregation and Cell Surface Hydrophobicity
Properties of Lactobacilli and Pathogens

Aggregation assays were performed according to Kos
et al. [21]. Briefly, Lactobacillus strains and pathogens
(E. coli 6E2, Enterococcus sp. 5EN8, S. aureus 7S3 and
Candida albicans C1) were grown for 18 h at 37 °C in
MRS or NB broth, respectively. After centrifugation
(8000g , 10 min, 20 °C; Hett ich Rotina 380R,
Germany), the pellets were washed twice with sterile

phosphate-buffered saline solution (PBS, 10 mM,
pH 7.2) and re-suspended in the same buffer at concen-
tration of about 108 CFU/ml. Cell suspensions were
mixed by vortexing. Bacterial auto-aggregation was de-
termined after 2 h of incubation at 37 °C. For this
purpose, an aliquot of these bacterial suspensions was
carefully removed from the aqueous phase, and the ab-
sorbance at 600 nm was read on a spectrophotometer
(Specord®, Shimadzu, Germany). The auto-aggregation
percentage was calculated using the following formula:

auto − aggregation (%) = 1 − (At/A0) × 100; At represents
the absorbance at time t = 2 h and A0 represents the absorbance
at t = 0 h.

Co-aggregation with E. coli 6E2, S. aureus 7S3,
Enterococcus sp. 5EN8, and C. albicansC1 was studied upon
growth of pathogens in the above-described conditions. Equal
volumes (2 ml) of lactobacillus and pathogen suspensions
were mixed by vortexing for 30 s in glass test tubes. Control
assays contained in turns 4 ml of suspension of Lactobacillus
or pathogen. The absorbance was read immediately and after
2 h of incubation at 37 °C. The percentage of co-aggregation
was calculated using the formula below:

Co − aggregation (%) = (Ax + Ay)/2 − A(x + y)/(Ax + Ay)/
2 × 100; A represents the absorbance, x and y represent each
of the two strains in the control tubes, and (x + y) represents
their mixture.

Cell surface hydrophobicity was determined by the micro-
bial adhesion to hydrocarbons method (MATH) [22] with
somemodifications. Bacteria from overnight culture were har-
vested by centrifugation (8000g, 10 min, 20 °C), washed
twice with PBS (10 mM, pH 7.2), and re-suspended in the
same buffer to about 108 CFU/ml. The absorbance of the cell
suspension was measured at 600 nm (A0). One milliliter of
xylene was added to 3 ml of cell suspension and mixed by
vortexing for 2 min. The suspension was incubated at room
temperature to allow phase separation. The aqueous phase
was removed and its absorbance was read at 600 nm (A1).
The percentage of bacterial adhesion to solvent was deter-
mined with the following formula: hydrophobicity (%) = 1 −
(A1/A0) × 100, where A1 represents the absorbance of the

Table 1 Isolation media and conditions

Enrichment broth Isolation medium Temperature (°C)

E. coli Nutrient broth (NB, Sigma-
Aldrich, Germany)

Eosin methylene
blue (EMB, Conda,
Spain)

44

Staphylococcus aureus Nutrient broth (7.5%
[w/v] NaCl) + paraffin oil

Chapman
(Liofilchem, Italy)

37

Enterococcus Rothe (Himedia, India) Slanetz-Bartley
(Biokar, France)

37

Candida Nutrient broth (pH = 4) Nutrient agar
(Conda, Spain)

37
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aqueous phase after two-phase system separation and A0 rep-
resents the absorbance of the initial bacterial suspension.

Adhesion of Lactobacillus and Pathogen Strains
to Polystyrene Tissue Culture Plates

The semi quantitative method of adhesion to polystyrene cul-
ture protocol [23] with some modifications was used in this
study. Briefly, 100 μl of each culture in MRS broth for
Lactobacillus strains and NB for pathogens was added to the
wells of sterile 96-well polystyrene tissue culture plates pre-
viously filled with 100 μl of tryptic soy broth “TSB” (Difco,
France), and incubated for 24 h at 37 °C. Cultures were
decanted and wells were washed twice with sterile TS solution
to remove the non-adherent cells. The adherent cells in each
well were fixed with 200 μl of 96% ethanol (Sigma-Aldrich,
France). Notably, after 15 min, the plates were emptied and
left to dry and were strained for 30min with 0.1% (w/v) crystal
violet (Biochem Chemopharma, Quebec, Canada). The
stained biofilms were washed twice with 200μl of TS solution
and extracted with 200 μl of 96% ethanol (Sigma-Aldrich).
The amount of biofilm was quantified by measuring the
OD630 nm using a microplate reader.

Hemolytic Activity

The hemolytic activity of fresh cultures of vaginal
Lactobacillus and pathogen strains was evaluated by spotting
10 μl of each culture on a blood agar medium (Columbia agar
purchased from Biokar Diagnostics (France) containing 5%
[v/v] blood). The plates were incubated for 24 h at 37 °C. After
this period, they were examined for the presence of hemolytic
activity around the spots.

Inhibition of Pathogens by Vaginal Lactobacilli

The antimicrobial activity of 44 Lactobacillus strains isolated
from four different swabs (W4, W5, W9, W10) was tested
against E. coli 6E2, S. aureus 7S3, Enterococcus 5EN8, and
C. albicansC1 as target strains, selected for their adhesion and
hemolytic properties, using the spots-on-lawn test [24].
Briefly, Petri plates were filled with MRS agar and allowed
at room temperature for solidification and drying. After
which, 5 μl of 18-h-old Lactobacillus cultures at about
108 CFU/ml was deposited as spots on the agar. The plates
were then dried for 30 min and incubated at 37 °C/24 h. At the
end of this incubation period, the agar was covered with 10 ml
of a soft nutrient agar “NA” (8 g agar/l) previously seeded
with 1 ml of a fresh culture of the target strain at about
107 CFU/ml, and then re-incubated at 37 °C for 18 h. The
antimicrobial activity was revealed by the presence or absence
of inhibition zones around the spots. The diameter of these
zones was subsequently measured.

Antibiotic Susceptibility

The susceptibility of Lb. fermentum 4LB16, Lb. fermentum
5LB13, Lb. fermentum 5LB14, Lb. fermentum 9LB5, Lb.
fermentum 9LB6, Lb. fermentum 10LB1, and Lb. plantarum
9LB4 was tested against ẞ-lactamines, aminoglycosides, tet-
racyclines, macrolides, glycopeptides, sulfamides,
diaminopyrimidine, rifamycines, and aminosides. Bacterial
suspensions at about 107 CFU/ml were seeded ontoMRS agar
plates using the flooding technique. The plates were air-dried
for 15 min and then disks impregnated with antibiotics were
deposited on the plates. The formation of inhibition zones
around the disks was determined after 24 h of incubation at
37 °C. The susceptibility to these antibiotics was determined
based on the recommendations of the AntibiogramCommittee
of the French Microbiology Society [25] for the pathogens
and according to the literature for the Lactobacilli strains.

Resistance to Acidity and Bile of the Vaginal
Lactobacilli

Bacterial cultures (18 h) containing about 108 CFU/ml of Lb.
plantarum 9LB4, Lb. fermentum 4LB16, Lb. fermentum
9LB6, or Lb. fermentum 10LB1 served for assessment of re-
sistance to bile and acidity. To this end, 1 ml of each of the
aforementioned bacterial cultures was introduced into 9 ml of
MRS broth adjusted at pH 1 or 1.5 with 3 N HCl (Sigma-
Aldrich, Germany) and incubated at 37 °C. Aliquots (1 ml)
were taken at 0, 1, and 3 h of incubation and plated onto MRS
agar to determine the cell viability. Resistance to bile was
evaluated as previously described [26] with some modifica-
tions. Lactobacillus cultures at about 108 CFU/ ml were cen-
trifuged (5000g, 10 min, 20 °C) and washed twice with PBS
(10 mM, pH 7.2). MRS broth containing 0.3, 0.5, or 1% (w/v)
porcine bile (Sigma-Aldrich, Germany) was inoculated with
the resulting base and incubated for 4 h at 37 °C. Survival rates
in the acidic conditions and in the presence of bile were deter-
mined by comparing the number of viable cells after incuba-
tion (N) to the initial number (0 h, N0) as follows:

survival rate %ð Þ ¼ N=N 0ð Þ � 100

Results

Lb. fermentum and C. albicans Were Prevalent
Microorganisms in the Vaginal Swabs

Two hundred four (204) microbial isolates were obtained from
10 swab samples, from which 44 isolates were recovered on
MRS agar (pH 5.4). Besides the growth of these isolates on
MRS (pH 5.4) agar medium, colonies were checked for their
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cell shape (bacilli), Gram staining (positive Gram), and cata-
lase activity (negative activity). Remarkably, 44 bacterial iso-
lates fulfilled these taxonomical criteria and assumed to be-
long to Lactobacillus genus. MALDI-TOF identification re-
vealed the dominance of Lb. fermentum (32/44), followed by
Lb. plantarum (7/44) and Pediococcus acidilactici (1/44), and
four strains (4/44) were not identified using this technology.
The 160 remaining bacterial isolates displayed different taxo-
nomical criteria and assumed therefore as E. coli (50 isolates),
Enterococcus sp. (16 isolates), Staphylococcus sp. (38 iso-
lates), and Candida sp. (56 yeast isolates). Notably,
C. albicans resulted to be the most prevalent species with
80% (45/60), followed by C. tropicalis 13% (7/56), and
C. glabrata 7% (4/56). These species were efficiently identi-
fied by MALDI-TOF spectrometry.

Lb. fermentum Displayed High Aggregation
and Hydrophobicity Properties

Auto-aggregation rates obtained for the 44 selected
Lactobacilli strains were ranging from 27.8 to 68.3%, after
only 2 h of incubation at 37 °C. The highest levels were
registered for Lb. fermentum, with 60.3 to 68.3%. The cell
hydrophobicity levels registered for all lactobacillus isolates
were ranging from 40.1 to 80.2% and Lb. fermentum
displayed the highest surface hydrophobicity (78.2–80.2%).
The tested pathogen strains showed as well high auto-
aggregation (68–82%) and hydrophobicity (30–56%) levels.

Adhesion of the Lactobacillus and Pathogenic Strains
to Polystyrene Tissue Culture Plates

Results depicted on Figs. 1 and 2 reveal the aptitudes of the
lactobacillus and pathogen strains to adhere and form biofilms
under the tested conditions. These strains were classified in
four categories based on the recommendations of Stepanovic
et al. [27]. “Ac” is the absorbance of the sterile broth and was
used as control. The following interpretations served along

this experiment: A ≤Ac, non-adherent (non-biofilm produc-
er); 2Ac ≥A>Ac, weakly adherent (weak biofilm producer);
4Ac ≥A> 2Ac, moderately adherent (moderate biofilm pro-
ducer); and strongly adherent (strong biofilm producer), A >
4Ac. As consequence, 38 Lactobacilli strains were non-adher-
ents, 4 weakly adherents and 2 moderately adherents. The
most adherent strains were Lb. fermentum 5LB12,
Lactobacillus sp. 4LB9, Lb. plantarum 5LB11, Lb. fermentum
5LB4, Lb. plantarum 5LB2, and Lb. fermentum 5LB10
(Fig. 1). Regarding the pathogens, the absorbencies recorded
for S. aureus and E. coli strains ranged from 0–0.190 to
0.070–0.335, respectively (Fig. 2), and comprised for
S. aureus 22 non-adherent isolates, 15 weakly adherent iso-
lates and 1moderately adherent isolate (S. aureus 2S6). On the
other hand, E. coli contained 13 non-adherent isolates, 26
weakly adherent isolates, 11 moderately adherent isolates,
and 3 strongly adherent isolates which are E. coli 1E12,
E. coli 6E5, and E. coli 6E6. As shown in Fig. 2, for
Enterococcus sp., the absorbencies were between 0 and
0.155 and the resulting isolates were classified into 14 non-
adherents and 2 weakly adherents (4En1 and 4En2). Similarly,
Fig. 2 shows the absorbencies recorded for Candida strains,
which are comprised between 0.12 and 0.288, leading to 34
non-adherents, 18 weakly adherents, and 4 moderately adher-
ents (C. tropicalisC56,C. glabrataC26,C. albicansC55, and
C. albicans C25). Statistical analysis showed significant dif-
ferences (P < 0.05) on the adherence ability of the strains of
the same genus or species.

Hemolytic Activity

Among the 44 tested Lactobacillus strains, 11 strains
(25%) were deprived of hemolytic activity (Fig. 3).
The other 33 strains (75%) displayed large clear halos
around the spots indicating a typical ẞ-hemolysis hall-
mark. Regarding the other strains isolated in the frame
of this work, 38 E. coli strains (76%) were devoid of
hemolytic activity (Fig. 3). However, 8 strains (16%)
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Fig. 1 Adhesion of the
lactobacillus strains to
polystyrene microplates. A630 nm

was used to quantify the adhesion
potential. The data are the means
of at least three independent
experiments. Control corresponds
to sterile TSB-YE. The error bars
represent the standard deviations



showed green halos (α-hemolysis), while the remaining
4 strains (8%) showed clear halos (ẞ-hemolysis). No

hemolytic activity was registered for 18 S. aureus
strains (47%). However, the remaining 20 strains

48 Probiotics & Antimicro. Prot. (2019) 11:43–54

Fig. 2 Adhesion of the pathogenic strains to polystyrene microplates.
A630 nm was used to quantify the adhesion potential. The data are the
means of at least three independent experiments. Control corresponds to

sterile TSB-YE. The error bars represent the standard deviations. A:
E. coli, B: S. aureus, C: Enterococcus sp., and D: Candida sp.



(53%) revealed a ẞ-hemolysis (Fig. 3). Among the test-
ed Enterococcus strains, 50% were found to be non-
hemolytic, 31% were α-hemolytic, and 19% were ẞ-
hemolytic. For Candida species, 39 strains (70%) were
non-hemolytic, 16 strains (28%) revealed α-hemolysis,
and a single strain (2%) was ẞ-hemolytic (C. glabrata
C52) (Fig. 3).

Inhibition of Pathogens by Vaginal Lactobacilli

The antimicrobial activity of the 44 recovered Lactobacillus
strains was tested against E. coli 6E2, S. aureus 7S3,
Enterococcus 5En8, and C. albicans C1, used as indicator
organisms based on their adhesion and hemolytic properties.
The majority of Lactobacillus strains (84%) showed antimi-
crobial activity at least against one of the target strains and
70% displayed activity against all the target strains (Fig. 4).
Antagonism was observed for 82% of strains against E. coli,
70% against S. aureus, and 72% against Enterococcus sp.
Anti-C. albicans C1 was observed for 70% of tested
Lactobacillus strains. All the strains with antifungal activity
exhibited as well antibacterial activity. The average of the
inhibition zone diameters varied from 21 to 42 mm (Fig. 4).

The upmost diameter was registered for Lactobacillus 4LB8
against C. albicans C1 and Lb. fermentum 4LB11 against
S. aureus 7S3 with 42 mm, respectively. The lowest signifi-
cant activity against S. aureus 7S3 was observed for Lb.
fermentum 5LB1 (21 mm). It is noteworthy that the 2 strains
with the upmost antagonism are part of the 16 strains recov-
ered from sample W4, a woman consulting for a fibroma
without any microbial infection. All these strains have anti-
bacterial and antifungal activities except for Lb. fermentum
4LB6 which was deprived of an anti-S. aureus activity.
Remarkably, all the strains devoid of antagonism were from
sample W5 (woman with vaginosis), representing therefore
50% of this group. The strain having the least important ac-
tivity is part of this group and is the only strain with an anti-
microbial power towards the 4 pathogenic strains. All the
strains from sample W9 have antimicrobial activity on the 4
tested pathogenic strains except for Lb. fermentum 9LB5
which was not active against S. aureus and Enterococcus
strains and Lb. fermentum 9LB8 that lacks antifungal activity.
Finally, all the strains having antimicrobial activity on the 4
tested pathogenic strains belong to the sample W10 (healthy
woman). These observations may indicate the protective role
of the lactobacilli in normal vaginal microbiota and their non-
efficiency in the case of its imbalance.

Antibiotic Susceptibility

Resistance to antibiotics was tested for the non-hemolytic and
antagonistic Lb. fermentum 4LB16, Lb. fermentum 5LB13,
Lb. fermentum 5LB14, Lb. fermentum 9LB5, Lb. fermentum
9LB6, Lb. fermentum 10LB1, and Lb. plantarum 9LB4. The
resistance was evaluated by the disk diffusion method for a
number of different families of commonly used antibiotics in
vaginal infection treatment. All these strains were resistant to
streptomycin and vancomycin, except for Lb. fermentum
5LB14 and 10LB1, which exhibited sensitivity to
vanvomycin and Lb. fermentum 4LB16 which was sensitive
to streptomycin. However, Lb. fermentum 5LB13 was resis-
tant to most antibiotics tested (Table 1). The antibiotic resis-
tance against bactrim, which is a mixture of trimethoprim and
sulfamethoxazole, was observed for Lb. fermentum 4LB16,
Lb. plantarum 9LB4, Lb. fermentum 5LB13, and Lb.
fermentum 9LB5. These data showed the species-dependent
trait of antibiotic resistance.

Resistance to Acidity and Bile of Vaginal Lactobacilli

Lb. plantarum 9LB4 and Lb. fermentum 4LB16, 9LB6, and
10LB1 were tested for their resistance to acidity (pH 1.5) and
bile (0.3, 0.5, and 1%). The data obtained are depicted on
Fig. 5, underlining the resistance trait of all these strains to
pH 1.5. Accordingly, Lb. fermentum 10LB1 appeared as the
most resistant to pH 1.5 with a survival rate of 10%, then Lb.
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Fig. 3 Hemolytic activity (γ, β, or α) of the lactobacillus and the
pathogenic strains (%). Lactobacilli ( ), E. coli (■), S. aureus ( ),
Enterococcus sp. ( ), and Candida sp. ( )
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Fig. 4 Antimicrobial activity of the lactobacillus strains against four
pathogens (A: E. coli, B: S. aureus, C: Enterococcus sp., and D:

Candida sp.). The data are the means of at least three independent
experiments. The error bars represent the standard deviations



fermentum 4LB16 which showed a survival rate of 0.16%,
whereas Lb. plantarum 9LB4 displayed a survival rate of
0.05%. No survival was registered for Lb. fermentum
9LB6 at this pH value. Notably, at pH 1.0, none of these
strains was able to survive. Furthermore, these lactobacilli
were resistant to bile (Fig. 6). Indeed, survival rates of 3.1
and 8.5% were registered for Lb. plantarum 9LB4 and Lb.
fermentum 9LB6, respectively, in contact of 0.3% bile.

Discussion

The composition and ecology of human VMB have been ex-
tensively studied worldwide. The description of this particular
ecosystem [10] is important to decipher for a better under-
standing of the mechanisms by which lactobacilli dominate
this niche and avoid possible dysbacteriosis and risk of infec-
tions. The human VMB seems to be ethnicity-dependent and
different in di fferent geographical locat ion. As
abovementioned, lactobacilli are naturally present or adminis-
tered as probiotics. Apropos of 44 Lactobacillus strains iso-
lated here, Lb. fermentum was the prevalent species (73%),
followed by Lb. plantarum (16%) and Pediococcus
acidilactici (2%), and four strains (9%) were not identified
by MALDI-TOF technology. It should be noted that
Lactobacillus species dominating the human VMB of the

most reproductive-age women are Lb. crispatus, Lb. iners,
Lb. gasseri, and Lb. jensensii [28]. Based on separate studies,
Vasquez et al. [19] established differences between lactobacilli
recovered from the vagina, and species as Lb. rhamnosus, Lb.
pentosus, Lb. fermentum, Lb. plantarum, and Lb. acidophilus
considered being dominant in the vagina. Nevertheless, devi-
ating results may be attributed to differences in the handling of
samples, vaginal status, or the methods preferred for the iso-
lation but may also reflect differences between populations
[19]. The infrequent species as Lb. fermentum and
Pediococcus acidiclactici were reported and studies associat-
ing their beneficial effects were reported. Kaewnopparat et al.
[29] portrayed the effectiveness of Lb. fermentum SK5 against
gastrointestinal pathogenic E. coli and vaginal pathogenic
Gardnerella vaginalis though production of bacteriocin-like
substance (BLIS). Similarly, Sabia et al. [30] underpinned the
potency of Lb. fermentum CS57 towards Streptococcus
agalactiae and C. albicans through production of BLIS as
well. The presence of Pediococcus species in the human
VMB is controversial. Indeed, Baldwin et al. [31] detected
this species in the preterm premature rupture of membranes,
while Park and Lee [32] associated this species to severe pel-
vic pain. In contrast, Borges et al. [33, 34], Borges, and
Teixeira [35] unveiled the potential of this species as probiotic
for vaginal application. In this study, we detected E. coli,
Staphylococcus sp., Enterococcus sp., and Candida sp. in

Probiotics & Antimicro. Prot. (2019) 11:43–54 51
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Fig. 6 Bile resistance of tested
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the swab samples analyzed. The presence of E. coli and
Staphylococcus sp. is usually related to aerobic vaginitis
[36]. Here, we investigated the in vitro probiotic features of
Lactobacillus strains. The auto-aggregation and cell surface
hydrophobicity of the 44 vaginal Lactobacilli strains resulted
to be strain-dependent. Nevertheless, Lb. fermentum 5LB4,
Lb. fermentum 5LB10 and 5LB12, and Lb. plantarum 5LB2
and 5LB11 exhibited high auto-aggregation and cell surface
hydrophobicity levels with percentages ranking from 60.3 to
68.3% and 78.2 to 80.2% for Lb. fermentum species, respec-
tively. The aforementioned strains and Lactobacillus sp. 4LB9
were also remarkable for their adhesion onto polystyrene abi-
otic device. Importantly, four E. coli strains, designed E. coli
1E12, E. coli 6E5, and E. coli 6E6, were marked by their high
adhesion levels to polystyrene, which is a sign for their apti-
tudes to form a biofilm. In any way, the involvement of bio-
film in a bacterial infection will complicate the treatment.
Biofilm formation by lactobacilli can be considered as deter-
minant element because it can stand as barrier against patho-
gens in the vaginal mucosa [37]. However, a study using
A431 cells showed that only a small proportion of vaginal
Lactobacilli strains tested was able to form a biofilm, despite
the test conditions mimicking the vaginal environment [38].
For details on biofilms in the vaginal environment, it is rec-
ommended to see recent review byHardy et al. [39]. The other
pathogens, Candida species, Staphylococcus sp., and
Enterococcus sp., were moderately adherents. To gain more
insights on the safety of Lactobacillus strains isolated here, we
assessed their hemolytic activities. Therefore, only 11 strains
(Lactobacillus 4LB8, Lb. fermentum 5LB1, 4LB11, 9LB5,
9LB8, 4LB16, 5LB13, 5LB14, 9LB6, 10LB1, and Lb.
plantarum 9LB4) were devoid of hemolytic activity. The he-
molytic activity was not recorded systematically for all path-
ogens and was exerted in a strain-dependent manner. The
antagonism is the main key for impeding dysbacteriosis.
Antibacterial, antifungal, and antiviral activities are of major
importance in the vaginal ecosystem. This feature is consid-
ered as an added value for probiotic design. Most of
Lactobacillus strains (70%) were active against a panel of
microbes including Gram-negative E. coli 6E2, Gram-
positive S. aureus 7S3, and Enterococcus 5En8, and yeast
C. albicans C1. Taken individually, E. coli is described as
one of the main causes of uncomplicated urinary tract infec-
tions (UTI) and responsible for the vaginal infections [40].
Vulvovaginal candidiasis is sustained by Candida yeasts.
Deidda et al. [41] portrayed the effectiveness of Lb. plantarum
vs. traditional azoles used for treatment ofCandida infections.
While Enterococcus sp. is a key member of the female genital
tract as facultative anaerobe microbe [42], the intriguing pres-
ence of S. aureus was recently reported to be prevalent in
infertile Iranian women [43]. In this study, we evidenced the
highly potent activity of Lactobacillus 4LB8 against
C. albicans C1 and Lb. fermentum 4LB11 against S. aureus

7S3. Resistance to antibiotics and bile salt and low pH are as
many attributes that need to be studied in depth for probiotic
application. Indeed, the resistance to antibiotics can result
from their overuse. The propagation of resistance to antibi-
otics can disqualify for probiotic application. Resistance of
Lactobacillus strains is to be considered as key factor in light
of vaginal therapy for prophylactic and treatment means. The
Lactobacillus strains isolated here were mostly resistant to all
antibiotics including vancomycin. Lactobacilli are naturally
resistant to several antibiotics but this resistance is in many
cases not transferable [44]. The resistance is usually intrinsic;
even cases of acquired resistance were reported [45].
Similarly, resistance to bile salts and low pH which are mim-
icking the GIT environment are key criteria for probiotic
design and therefore selection. Thus, the orally consumed
probiotics ascend to the vaginal tract after being excreted
from the rectum [46]. From our study, raised Lb.
fermentum 10LB1 as a strain-defying constraint was
caused by acidic (pH 1.5) conditions with amazing sur-
vival rate of 10%, but failing in resisting to bile salts. The
other strains unveiled Lb. fermentum 9LB6, with resis-
tance percentages of 8.5, 0.61, and 0.036%, followed by
9LB4 3.1, 0.076, and 0.0048%, and 4LB16 with 0.023,
0.0041, and 0.00011%. Taking Lb. fermentum KLD for
comparison, this strain was reported to be resistant to
GIT with 0.5% of the ingested cells recovered from ileum
after 4 h [47]. Reid et al. [48] reported that Lb. rhamnosus
GR-1 and Lb. fermentum RC-14, orally administrated
twice daily during 14 days for 10 women with recurrent
yeast vaginitis, bacterial vaginosis (BV), and urinary tract
infections, have positively recovered from the vagina. To
sum up, this is the first study dealing with isolation and
characterization of human VMB in Algeria. We detected
E. coli, Staphylococcus sp., Enterococcus sp., and
Candida sp., traditional pathogens responsible for vaginal
infections. Regarding the lactobacilli, Lb. fermentum was
the prevalent species (73%), followed by Lb. plantarum
(16%). Most of lactobacilli isolated here displayed antag-
onistic activities towards the detected pathogens. These
antagonistic lactobacilli fulfilled also in vitro assessments
used to design probiotic candidates. This study is antici-
pated to be pursued mainly through in vivo experiments
in order to highlight further probiotic capabilities of these
strains.
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